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Background: The exercise challenge test (ECT) is a common tool for assessment of asthma in
children. Many studies suggest that the ‘‘time to maximal bronchoconstriction’’ (Nadir-t) after
exercise challenge in asthmatic children may be age-dependent, although this has never been
systematically studied. Such findings may influence epidemiological surveys where the
schedule of post-exercise measurements is trimmed. This study systematically assesses the
relation between age and time to maximal bronchoconstriction post-ECT.
Methods: Data were collected retrospectively from 131 subjects (87 male; 3e18 years) who
were referred for ECT. The routine ECT was performed according to ATS recommendation of
a 6-min run. Spirometry was measured at 1, 3, 5, 10, 15, and 20 min post-exercise. The
post-exercise nadir of FEV1 (%baseline) (FEV1-nadir) and the time to maximal fall in Nadir-t
(minutes) were sought and values were related to age.
Results: Baseline FEV1 values (mean  SD) were 90.5  13.8% predicted. FEV1-nadir was
23.6  11.7% from baseline values. The Nadir-t was reached at 5.1  2.6 min (range
2e12 min). A positive correlation between children’s age and Nadir-t was observed
(r2Z 0.542; SD of residualsZ 1.79; p < 0.001), regardless of FEV1-nadir, whether the
cutoff of point was 10% or 15% of baseline FEV1. Children <10 years of age showed
Nadir-t at 3.4  1.7 min post-exercise and older children at 6.6  2.5 min post-exercise
(p< 0.0001).
Conclusion: Our results indicate that the time to maximal bronchoconstriction is age-
dependent in children and adolescents, and imply that the schedule of post-exercise
FEV1 measurements should be cautiously trimmed.
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Exercise-induced asthma (EIA) is a condition in which
vigorous physical activity triggers acute airway narrowing in
people with airway hyper-reactivity.1,2 The exercise bron-
chial challenge test (ECT) uses this mechanism to induce
bronchoconstriction in the laboratory to distinguish
between asthma and other childhood chronic breathing
illnesses.
Airway obstruction typically begins 2e4 min after the
cessation of exercise, reaches its peak shortly thereafter,
and then remits spontaneously.3e5 Bronchoconstriction in
school children occurs within 6e10 min post-exercise and
recovery is usually complete within 30 min. In adults,
bronchoconstriction may occur more than 10 min post-
exercise and recovery may last up to 60 min after the test,
depending on the extent of the bronchial narrowing.3e5 In
accordance with recommendations (the ECT protocol for
spirometry follow-up in the laboratory), post-exercise
measurements are performed at 3, 5, 10, 15, 20, and 30 min
after cessation of exercise.3e5 The protocol for exercise
tests in the field may be more subjected to variations than
exercise performed under laboratory conditions.6 The test
is widely used in epidemiological studies, but the recom-
mended protocol is time-consuming; therefore, in practice,
fewer measurements are used.7 The effect of reducing or
changing the time schedule of spirometry measurements on
the outcome of ECT has not been studied systematically.
For example, reducing the frequency of measurements may
decrease the prevalence of positive tests if the time to
reach maximal bronchoconstriction is age-dependent.
In this study we aim to address the questions of whether
the time to maximal airway obstruction is age-dependent in
the pediatric age group and whether the time scheduled for
spirometry measurements after exercise can be altered
without substantially reducing the sensitivity of the test.
Patients and methods
Subjects
We retrospectively reviewed data of 4e18-year-old children
and adolescence with respiratory diseases that were highly
indicative of asthma diagnosis according to GINA guidelines,8
referred for exercise testing to the Pediatric Pulmonary
Clinic, Safra Children’s Hospital, Sheba Medical Center,
Ramat Gan, over a 2-year period. The study is a cross-
sectional, single-occasion, and observational study. Criteria
for inclusion were children who had previously suffered from
recurrent episodes of at least one of the following symp-
toms: wheezing, cough, shortness of breath in response to
everyday exercise, and regular use of inhaled bronchodi-
lator. As a routine, patients are instructed to refrain from
using bronchodilators and/or montelukast in the 24 h prior to
the test and inhaled corticosteroids 72 h prior to the test.
Exclusion criteria
Wheezing on the day of the test, baseline FEV1< 75% pre-
dicted, use of bronchodilators on the day of the test. The
study was approved by the Ethics committee of the Sheba
Medical Center.Exercise test
All exercise tests were performed by the local lab techni-
cian according to ATS/ERS recommendations3e5 in the
pediatric pulmonary laboratory of the Edmond and Lili Safra
Children’s Hospital, Sheba Medical Center. Children above 6
years of age ran on a treadmill for 6 min, with speed and
slope adjusted to achieve a target heart rate of
[(220 age)0.8].6 Children under the age of 6 years per-
formed a free run in the corridor for 4e6 min.9 All children
had to maintain the target heart rate for a minimum of
4 min. Heart rate and O2-saturation were monitored
continuously throughout the run using a portable mobile
pulse-oximeter monitor (Nonin Medical, Inc., Model 2500,
Minneapolis, MN, USA).
Spirometry measurements
Spirometric measurements were performed with
a commercial KoKo PDS spirometer (nSpire Group, Inc.,
Austin, TX, USA), in the standing position, without a nose-
clip. Prior to the exercise, spirometry was performed until
three reproducible flow volume curves were (FVC and
FEV1< 3% difference) established. Post-exercise exact time
was monitored precisely by the computer, and spirometry
was performed according to the standard at 1, 3, 5, 10, 15,
and 20 min after ceasing exercise, in duplicate or triplet
sets. The better of the curves within a set was selected as
the representative value of each interval. The criterion for
a better curve was defined as best FVCþ FEV1. FEV-nadir
was defined by the greatest decrease in FEV1 of in the entire
test. Any fall greater than 10, 15, or 20% fall from baseline
FEV1 were considered as cutoffs for defining a positive ECT.
TimeeFEV1-nadir (Nadir-t) was defined as the minutes that
elapsed from the cessation of the run to FEV1-nadir.
Analysis
Spirometry measurements were analyzed according to
ATS/ERS recommendation for acceptable flow volume
curves.10e12 The chosen curve and its data from each
interval were included in the analysis. Baseline FEV1 values
were first compared with healthy predicted values.11,12 The
maximal fall in FEV1 (FEV1-nadir) values was calculated
according to the formula: {[baseline FEV1 (L) lowest FEV1
(L)]100}/baseline FEV1 (L), for each subject. To eliminate
‘‘false positive’’ fall in FEV1 due to breathlessness at the
end of exercise we also evaluated changes in FEV1/FVC
(forced vital capacity) at FEV1-nadir. The time to FEV1-
nadir was correlated to age. Values are presented as
mean SD. A p-value< 0.05 was accepted as significant for
statistical analysis.
Results
Data of 131 children and adolescents were analyzed. Their
anthropometric data and baseline spirometry values
(%predicted) are presented in Table 1. Baseline heart rate
was 103 21 beats/min and stabilized on 172 25 beats/
min during the 6 min of the run. Pulse oximetry remained
between 97 and 98% throughout the test. The observed
Table 1 Anthropometric data.
Parameter Values
n 131
Sex MZ 87
Age (years) 10.8 4.1
Height (cm) 142.0 21.5
Baseline spirometry (%predicted) [10,11]
FVC 98.7 13.0
FEV1 90.5 13.8
PEF 94.1 9.8
FEF 25e75 75.7 22.3
Figure 2 The correlation between age and time to Nadiret.
Data are divided according to potential cut-offs or negative test
(<10% fall in FEV1). Each sign represents a single participant.
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least 20%, 38 of 131 (29%) had a positive ECT; for FEV1-
nadir of at least 15%, 67 of 131 (51%), and for a cutoff of at
least 10%, 93 of 131 (71%) had a positive ECT. At any cutoff
from 10% and more the FEV1-nadir was accompanied by
respiratory symptoms such as wheeze and/or prolonged
expiration and/or cough presenting positive test. The mean
fall of FEV1 at nadir was 23.6 11.7% (z-score 0.46
0.2 SD from healthy) with 95% confidence interval fall
between 21.24 and 26.00%. When the test was negative the
fall in z-score was equal to 0.07 0.06 SD from healthy.
At FEV1-nadir point the reduction of FEV1/FVC was
24.57 13.8 with 95% confidence interval fall between
27.98 and 21.15%. There was no correlation between
the magnitude of FEV1-nadir and either the age of the
children or the baseline FEV1 values.
The mean Nadir-t of all subjects (regardless of cutoff)
was 5.1 2.6 min with 95% coefficient of variation with
a range of 4.8e5.9 min. A histogram of the spread of the
children for the various Nadir-t values is presented in Fig. 1.
The results conformed to a bell-shape curve compatible
with normal distribution.
The correlation between Nadir-t and age for the entire
group was (r2Z 0.542; SD of residualsZ 1.79; p< 0.001).
For a cutoff of 10% fall in FEV1 the correlation was
r2Z 0.495; standard deviation of residualsZ 1.89;
p< 0.001. The correlations are presented for all calculated
cutoffs in Fig. 2. In general, the younger children’s Nadir-t
clustered up to 4 min, in 8e14-year-old children it clustered
between 4 and 8 min post-exercise, and in the adolescents
Nadir-t usually occurred 8e12 min post-exercise. However,Figure 1 The number of children presenting FEV1eNadir at
each measurement interval.in some of these older children Nadir-t occurred at 2e3 min
after cessation of exercise. None of the children, regardless
of age, reached the Nadir-t later than 12 min post-exercise.
The prevalence of positive tests found in our study in
relation to the time scheduled for measurements of FEV1
after exercise is presented in Table 2.
Discussion
The main finding of the current study was that the time to
maximal post-exercise bronchoconstriction (Nadir-t) was
age-dependent for most children, whether the cutoff point
for a positive ECT was 10 or 15% from baseline FEV1. Yet
in some of the older children Nadir-t occurs close to cessa-
tion of exercise. The sensitivity of the challenges for
Table 2 The prevalence of positive tests found in our study in relation to the time scheduled for measurements of FEV1 after
exercise.
Time of measure (minutes) 10% FEV1 cutoff 15% FEV1 cutoff
1 3 5 10 15 20
 10% 8%
  32% 23%
  22% 15%
   33% 23%
   22% 15%
   62% 46%
      71% 51%
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matics tested) is generally only of the order of 40e70%.13
Our findings suggest that among other variables deter-
mining the sensitivity of ECT (e.g., cold- and dryness of the
air; level of work rate), the protocol of post-exercise FEV1
measurements is of major importance; additional earlier
measurements, particularly in the younger age group, may
detect patients with positive ECT who would have been
missed otherwise.
In epidemiological studies the popular schedule of post-
exercise measurements includes three measurements at 3,
5, and 10 min,6 or 2, 5, and 15 min after exercise. However,
measurements at 5, 10, and 15 min post-exercise have been
proposed. Two measurements at 5 and 10 min or at 5 and
15 min14,15 have also been applied. Even a single measure
10-min post-exercise was suggested.16 All these combina-
tions include a cutoff for a positive test at either a 10% or
15% fall in FEV1. We found that each combination of the
above (cutoff point and time scheduled for measurements)
could potentially affect the prevalence of a positive ECT.
By calculating the suggested timing protocols (Table 2), we
found that the prevalence of positive ECT in our children
deteriorated dramatically.
We found that continuation of spirometry measurements
beyond 10 min at 20 or 30 min post-exercise increased the
prevalence of positive tests from 12e24% to 21e38%. These
findings are in agreement with former studies that changed
the schedule of measurements. A single measurement at
10 min post-exercise in a group of children yielded a posi-
tive ECT of 36%.15,16 Two measurements at 5 and 15 min
post-exercise (skipping the 10 min measure) yielded only
15.4% positive ECT tests.17 Other studies showed that an
additional spirometry measurement at 20 min post-exercise
did not increase the prevalence of positive tests, as
a diagnostic fall in FEV1 was found in 12e24% of the
subjects.18,19 So measurements beyond 20 and up to 30 min
post-exercise revealed an additional 9e14% responders to
exercise challenge.19
Contrary to measurements of FEV1 beyond the first 5 min
after exercise, measurement of FEV1 during the first 5 min
post-exercise showed a dramatic increase of positive tests
among the children in our study (Table 2). Such results have
been shown by others.7,20e22 According to the above, it is
clear that the percentage of children with a positive ECT
was relatively greater in those studies where post-exercise
FEV1 measurements started earlier and were repeated
more frequently.The mechanism that may explain the age-related post-
exercise response of the airways can be explained by
a probable of an early airway narrowing and airway recovery
in young children after exercise is due to smallness and
twitchiness of young airways compared to the airways of
older children. Other reasons may be hypothesized. Several
reports have suggested that either hyperventilation itself
inhibits bronchoconstriction, or that the mechanisms
inducing bronchoconstriction operate after hyperventilation
ceases, rather than during hyperventilation.21e23 Thus,
whether the exercise is less intense in the younger children
relative to older ones or the post-exercise hyperventilation
duration is shorter, the time needed to reach maximal
post-exercise bronchoconstriction might be reduced.
We did not measure the level of ventilation. However,
we did ensure that heart rate reached the appropriate level
in the whole study population, and therefore assume that
the relative controlled by the test effort of the younger
children was similar to that of the older ones. Moreover,
children and adults may not have similar abilities in short-
term or exhaustive work when corrected for size.24
It was previously reported that the decline in post-
exercise hyperventilation is related to the load and
duration of the exercise,25 while it was also found that the
recovery time is a function of age.26,27 Thus it is possible
that the duration of post-exercise hyperventilation in
younger children is shorter than in older children, leading
to earlier release of mediators, followed by earlier bron-
choconstriction. In that respect, recovery from exercise-
induced bronchoconstriction was prolonged with increasing
age in children.28
Study limitation: it may be argued that using retro-
spective data has limitations. However, the ECT protocol
presented in this study has been practiced routinely in our
laboratory for many years. We therefore believe that
analyzing the data retrospectively did not skew the results.
Standardization of the exercise test for children calls for
measurements up to 30 min post-exercise. We performed
measurements up to 20 min only. However, it seems that
a shortened protocol may have had a very small impact on
our results. We acknowledge that prospective studies are
needed to be confirming their data are required.
One could argue that a Nadir-t may occur between the
standardized measurement points; such arguments may call
for re-standardization of the protocol. We have aimed to
study forced expiration from the first minute after ceasing
exercise. At that point patients may have been breathless
1460 D. Vilozni et al.and breathlessness can be misinterpreted as bronchocon-
striction. For this reason we included FEV1-nadir only if it
was accompanied by a meaningful reduction in FEV1/FVC
insinuating true bronchoconstriction combined with respi-
ratory symptoms.
We conclude that in the pediatric age group, the time to
maximal bronchoconstriction is age-dependent, and that
the timing of lung function measurements can greatly
affect the sensitivity of an exercise test in asthmatic
children. Starting spirometry measurements from 5 min
post-exercise reduces the prevalence of positive tests
dramatically. The post-exercise schedule should be trim-
med cautiously.
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